To identify patient demographics and characteristics associated with compliance to statin therapy after switching from branded to generic agents DESIGN: Retrospective cohort study using electronic health records and pharmacy claims data from Sutter Health's ambulatory-care medical network PATIENTS: Managed-care beneficiaries, ≥ 18 years of age, who were switched from branded to generic statins between 1 January 2003 and 31 December 2012 MAIN MEASURES: Compliance was calculated as days of therapy dispensed divided by days from first to last generic prescription fill over 6 months, and was defined as a medication possession ratio ≥ 0.80. We used multivariable logistic regression to assess factors associated with compliance. Adjusted ORs and 95 % CI were generated. KEY RESULTS: We identified 5,156 patients who were switched from branded to generic statins; 73 % of patients were compliant in the 6 months after switching. After statistical adjustment, higher compliance was associated with each 10-year increase in age (OR: 1.13; 95 % CI: 1.07, 1.19; p<0.001), receipt of a generic statin equivalent in potency to the prior branded statin (OR: 1.41; 95 % CI: 1.16, 1.70; p<0.001), and compliance with prior branded statin (OR: 4.68; 95 % CI: 4.07, 5.39; p<0.001). Lower compliance was seen among Hispanic patients compared to non-Hispanic white patients (OR: 0.68; 95 % CI: 0.52, 0.91; p=0.009). Also, a switch to a higher potency generic statin, regardless of prior dose/potency, was negatively associated with compliance after switching (OR: 0.87; 95 % CI: 0.80, 0.94; p=0.001). CONCLUSIONS: The majority of patients switched from branded to generic agents were compliant with therapy in the first 6 months after switching. The potential for non-compliance to generic statin therapy, particularly among younger or Hispanic patients or when dose/potency changes are made, should be considered prior to switching. For these patients, counseling or close monitoring may be required to optimize generic interchange.
INTRODUCTION
Prescriptions for lipid-modifying agents in the United States totaled $20.1 billion in 2011; statins, specifically, branded agents, accounted for the majority of this cost. 1 With most statins available off-patent, the interchange of generic for branded agents has become common practice among healthcare systems and is encouraged by payers to reduce healthcare spending.
Many studies have shown that lower out-of-pocket costs for patients, as would be expected with the utilization of generic drugs, correlates with improved compliance to statin therapy. [2] [3] [4] [5] Nevertheless, some patients still perceive generics as less safe and efficacious and of lower quality than brand-name drugs. [6] [7] [8] In particular, patient surveys have shown that African Americans, individuals with lower health literacy, and those with lower incomes hold negative views about generic drugs. [8] [9] [10] Both African Americans and Hispanics are also more likely than non-Hispanic whites to report that generic drugs have more side effects than branded drugs. 11 Furthermore, older patients are less likely to believe that generic drugs are as safe as branded drugs, and women are more likely than men to believe that generics are a better value. 6 Such beliefs may hinder compliance to treatment after switching and lead to suboptimal clinical outcomes.
In practice, however, it is unknown in which patients generic statin interchange can be effective, as few studies have measured compliance after a switch from branded to generic agents. Accordingly, we sought to identify both demographic and clinical predictors of compliance in an ambulatory-care setting among patients who were switched from branded to generic statins.
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METHODS

Study Design and Setting
This retrospective study was conducted with the electronic health records (EHR) and pharmacy claims data from Sutter Health, an ambulatory-care medical network in Northern California. This study was approved by the appropriate institutional review board. Unique patient identifiers were removed prior to analyses.
Subject Identification
Managed-care beneficiaries who initiated treatment with branded statin monotherapy and subsequently were switched to a generic statin were identified between 1 January 2003 and 31 December 2012 (observation period). Eligible patients had at least two consecutive statin monotherapy pharmacy claims for branded statins, followed by at least two consecutive statin monotherapy claims for generic statins during the study period. The first pharmacy claim for a branded statin was designated the start date and the first pharmacy claim for a generic statin was designated the switch date. Patients had to be ≥ 18 years of age at the start date and have EHR activity or any medication orders or pharmacy claims ≥ 12 months before the start date. Patients meeting inclusion criteria were administratively censored on 31 December 2012 or when a statin prescription was filled under a new health plan, indicating a change in insurance coverage. The date of the last statin pharmacy claim prior to censoring was designated the end date.
Patients were excluded if they had: claims or medication orders for statins in the 12 months prior to the start date; any claims or medication orders for fixed-dose combination or non-statin lipid-modifying agents during the pre-switch period; < 60 days of treatment with a branded statin; or were missing or had invalid statin doses. Lovastatin and pravastatin, which became available as $4 generics in late 2006, would not have been recorded in our database if purchased without insurance claims. For patients prescribed these agents, gaps in pharmacy claims might have been inaccurately interpreted as non-compliance to treatment. Thus, we also excluded patients with medication orders after 30 June 2006 for lovastatin or pravastatin, as generic agents or branded agents (without a dispense-as-written flag).
Data Sources and Collection
Patient demographics, including self-reported race/ethnicity, clinical characteristics, and International Classification of Disease 9th Revision, Clinical Modification (ICD-9 CM) diagnoses, were abstracted from the EHR. All baseline variables were captured as of the switch date. Charlson Comorbidity Index (CCI) score was calculated using ICD-9 CM codes. 12, 13 Patients with coronary heart disease (CHD) or CHD-risk equivalents were identified by ICD-9 CM and Current Procedural Terminology codes. 14 We identified statin prescription fills and copayments in the pharmacy claims database. Branded and generic statins were differentiated by a generic indicator flag associated with each claim. Daily statin doses were calculated from prescribed medication strength (mg), quantity dispensed, and days supply. Total copayments and statin copayments were each estimated for a 30-day supply during follow-up.
Statin potency after switching was categorized as equipotent, less potent, or more potent, based on the established relative low-density lipoprotein cholesterol (LDL-C) lowering efficacy of statins (Supplemental Table; available online).
14,15 Substitution type was categorized as generic (receipt of a generic statin biochemically identical to the prior branded statin) or therapeutic (receipt of a generic statin biochemically different from the prior branded statin). Compliance with statin therapy was measured as medication possession ratio (MPR), and was calculated as follows:
Sum of days supply of statin therapy dispensed Days from first to last Rx fill þ last days supply dispensed ð1Þ
MPR was calculated separately during the pre-switch period and during the first 6 months after switching. If patients filled prescriptions early, overlapping days supplies were counted only once. Based on established convention, compliance was defined as an MPR≥0.80. 16 
Statistical Analyses
Pairwise comparisons of baseline variables were performed using t-tests (parametric) or Wilcoxon rank-sum tests (nonparametric) for continuous variables and chi-square tests for categorical variables. We used multivariable logistic regression with a stepwise approach to assess predictors of compliance with statin therapy using baseline covariates (Table 1) . Baseline variables that were statistically different between compliant and non-compliant patients (p<0.20) were included in a multivariable logistic regression model. Variables that were statistically significant (p<0.05) in the presence of other variables were retained in the final model. A post-hoc Pearson goodness-of-fit test was performed to assess differences between the data and the final model. We used logistic regression to calculate the adjusted percentage of patients compliant with generic statin therapy, with statistical adjustment for multivariable model covariates and stratification by race/ethnicity, and by compliance with preswitch branded statin. Because multiple comparisons were made for this exploratory endpoint, a Bonferroni-corrected critical value of < 0.01 was used to reduce the chance of a type 1 statistical error. All analyses were performed in STATA 12.0 (StataCorp; College Station, TX).
RESULTS
Baseline Demographics and Characteristics of Compliant and Non-Compliant Switchers
We identified 5,156 patients who were switched from branded to generic statins and met study eligibility criteria. Overall, patients were most frequently switched to generic simvastatin (57 %) or atorvastatin (35 %) ( Table 2) . Among patients receiving branded atorvastatin in the pre-switch period, 57% were switched to generic atorvastatin and 36% were switched to generic simvastatin; 97% of patients receiving branded simvastatin were switched to generic simvastatin. A small proportion of patients switched between lovastatin, fluvastatin, pravastatin, and rosuvastatin (< 10 %).
The majority of patients (n=3,779; 73 %) were compliant with generic statin therapy in the first 6 months after switching. Compliant patients were older than non-compliant patients (66.6 vs. 63.2 years, respectively), and were more frequently non-Hispanic White (NHW) (54 % vs. 47 %) ( Table 1) . Compliant versus non-compliant patients more frequently received generic substitutions (68 % vs. 61 %) and received equipotent dosing (80 % vs. 74 %) after switching. Compliant patients also more frequently had a diagnosis of hypertension (33 % vs. 28 %) and were taking more concomitant medications (mean: 1.85 vs. 1.70 medicines) than non-compliant patients. Approximately 75 % of patients who were compliant after switching were also compliant with their prior branded statin, compared with 39 % of patients who were non-compliant after switching. Compliant patients more often had a 90-day supply of 
Compliance with Generic Statins by Pre-Switch Compliance
Across all race/ethnic groups, for patients who were compliant with pre-switch branded statins, more than 80 % were compliant with generic statins after switching (Fig. 1) . For patients who were non-compliant with preswitch branded statins, less than 60 % were compliant with generic statins after switching, and of these, a significantly smaller percentage of Hispanics than NHWs were compliant after switching (42 % vs. 57 %; p=0.008).
DISCUSSION
In this retrospective analysis of managed-care beneficiaries, most patients (73 %) who were switched from branded to generic statins were compliant with treatment. Multivariable analysis revealed several demographic and clinical factors associated with compliance, including age, race/ethnicity, statin potency, dose changes at the time of switching, and prior compliance.
We are aware of only one other study, by Chapman and colleagues, that evaluated factors associated with switching from branded to generic statins. 17 While their study used a large national cohort (N>40,000) of commercially insured patients, the switch period evaluated was relatively short (July 2006 -December 2006) and focused on patients who were switched to generics at the time that simvastatin and pravastatin lost patent exclusivity. Furthermore, data on race/ethnicity or prescription copayments were not available in their analysis. To our knowledge, our study is the first to evaluate race/ethnic differences in compliance after switching, as well as the association between changes in cost sharing and compliance. Moreover, the switch period utilized in our study was intentionally broad (2003-2012), and was inclusive of patients who switched to all currently available generic statins, including atorvastatin, which became available in generic form in November 2011. Thus, our analysis may provide relatively better applicability to contemporary clinical practice. In our study, older patients were more compliant with treatment after switching than younger patients. We show that each 10-year increase in age was associated with a 13% increased odds in compliance. These findings are similar to those reported by Chapman et al. 17 Increased age has been previously associated with improved compliance with chronic-disease medication regimens, including antihypertensive [18] [19] [20] and lipid-modifying drugs. 21 Consistent with a health belief model of compliance, 22 older patients may perceive their condition as more severe than younger patients and therefore may be more apt to take medications as prescribed.
We also showed that after switching from branded to generic statins, Hispanic patients had a 32% lower odds of compliance relative to NHW patients. However, stratified analysis revealed that this relationship held only among patients who were non-compliant in the pre-switch period. In a study by Mann et al. that investigated predictors of compliance to statin therapy for primary prevention, the authors found that Hispanic versus non-Hispanic ethnicity was significantly associated with poorer compliance (OR: 3.9; 95 % CI: 1.0, 6.3). 21 Furthermore, another study showed that relative to NHWs, Hispanics (OR: 10.3; 95 % CI: 1.3, 79.4) and African Americans (OR: 10.2; 95 % CI: 1.4, 76.4) are more likely to report that generic drugs have more side effects than branded drugs. 11 If such concerns are prevalent in these communities, this might drive lower rates of compliance. Despite studies showing that African Americans hold negative views about generic drugs, [8] [9] [10] we did not find a significant difference in compliance between African American and NHWs after switching (OR: 0.84; 95 % CI: 0.60, 1.17; p=0.297). We note that our sample of African Americans was relatively small, and therefore, the analyses were likely not powered to detect statistically significant differences in this population relative to NHWs.
Patients receiving higher potency therapy were less compliant after switching, with each increasing level of potency associated with a 13 % reduced odds of compliance. Higher potency therapy is associated with an increased rate of adverse effects, particularly myalgias, which may hinder compliance. 23, 24 We found that patients receiving therapy of lower potency than when on their branded statin were also significantly less compliant with therapy compared to patients receiving equipotent doses. Although these findings are seemingly contradictory, patients who experienced adverse events and required dose decreases at the time of switching may have been less inclined to continue on statin therapy, even at lower doses. Concerns about adverse effects have been previously reported by patients as a barrier to compliance. 21, 25, 26 Notably, changes in patients' out-of-pocket costs for all medications, and for statin therapy alone, were not significantly associated with compliance to treatment after switching. Numerous studies have shown that lower prescription copayments correlate with better compliance with statin therapy. [2] [3] [4] [5] 27 However, to our knowledge, these studies were not conducted in populations switching from branded to generic agents. For example, Watanabe and colleagues reported that among new statin users, patients who did not pay out-of-pocket costs had a nearly 20 % increased odds of compliance (MPR ≥ 0.80) relative to patients with any out-of-pocket costs. 5 Although patients saved an average of $20 per 30-day supply of statin therapy, we have previously shown that this cohort of switchers is as compliant as patients who remain on branded statins. 28 Importantly, while patients who switched had marked reductions in statin costs, savings for all medication regimens were on average only $5 per month and may not have been large enough to influence compliance. Furthermore, although copayments decreased on average, as would be expected with conversion to generic agents, copayments for some patients actually increased. This may have been due to changes to cost-sharing policies in patients' health insurance plans.
We found that the strongest predictor of compliance with generic statins after switching was compliance with prior branded statins. Patients who were compliant with branded statins had a 4.7-fold increase in odds of compliance with post-switch generic statins. These data are consistent with findings by Chapman and colleagues, who showed that compliance with pre-switch branded statins was significantly associated with a 5.5-fold increase in compliance with generic statins. 17 Despite adjusting for compliance with prior branded statins in the multivariable model, the aforementioned covariates were still significantly associated with compliance after switching. These data indicate that prior compliance can predict much, but not all, of compliance after switching.
In our analysis, we also found that additional factors, such as duration of treatment and dispensed supply of statin therapy, were associated with compliance. Patients with longer durations of branded statin treatment had greater odds of compliance after switching to generic statins. These patients may have become accustomed to taking statins, and may also have had greater perceived self-efficacy than patients taking branded statins for shorter periods of time prior to switching.
Implications and Future Research
Conversion of patients from branded to generic drugs requires careful consideration of patients' beliefs, attitudes, and experiences. Culturally competent strategies may be needed to improve compliance after switching to generic statins, particularly among Hispanic patients who were previously noncompliant with a branded statin. Such strategies may include providing medical/drug information in a patient's native language. Indeed, culturally appropriate interventions have been previously used in Hispanic communities to modify health-related behaviors, including medication compliance. 29, 30 Patients who require dose changes at the time of generic interchange may need additional counseling at the time of switching, as well as close monitoring for compliance after switching. This counseling could be in the prescriber's office or in the pharmacy.
Generic substitutions may be initiated by the prescriber, or as permitted by law in most states including California, the pharmacist dispensing the medication. 31, 32 Therapeutic substitutions, on the other hand, are often performed for efficacy or safety reasons, and require prior authorization or a prescription from the provider. Thus, interventions aimed at improving compliance after a generic interchange will necessitate tailored approaches based on the reasons for the switch and the point in care at which switching occurs (e.g., physician's office or community pharmacy). This may require communication with the prescriber that a pharmacist-initiated switch has occurred. As interventions are being developed to improve compliance at this critical time, additional studies might explore how potency changes at the time of switching influence compliance. Furthermore, additional analyses are warranted to further understand how medication copayments influence compliance after generic interchange.
Limitations
Several limitations should be considered when interpreting our study's findings. Due to the retrospective, observational design of this study, causal inferences based on statistical associations are limited. We cannot know the effect that missing pravastatin and lovastatin claims had on outcomes. However, we note that these agents were prescribed at very low rates even prior to the availability of $4 generics. Furthermore, patients were required to have at least four pharmacy claims to calculate pre-switch and post-switch MPR. Approximately 25 % of patients were excluded based on this criterion. While this might have resulted in the selection of more compliant patients, we do not believe that this would differentially affect predictors of compliance. Other factors that are likely associated with compliance after switching, such as health literacy and patient beliefs, are not available in an EHR database, and therefore could not be included in this analysis. We also did not have information on the cost-sharing structure or changes in cost sharing of patients' health plans, or whether switching was performed for costs, safety, and/or efficacy. MPR is an approximation of compliance based on pharmacy claims, but does not account for medication consumed. Lastly, there may be limited generalizability of study findings to other than managed-care beneficiaries and to drugs in other medication classes.
Conclusions
The majority of patients switched from branded to generic statins were compliant with therapy in the first six months after switching. The potential for non-compliance to generic statin therapy, particularly among younger or Hispanic patients or when dose/potency changes are made, should be considered prior to switching. For these patients, improved management or monitoring may be required to optimize generic interchange.
